Abstract -There is growing evidence that food, in particular pollen, limitation is the strongest factor in pollinator decline. We have considered the potential effects of diversity in plant-community attributes as well as variations in the pollen and energy amount on the abundance and frequency of insect visitors to the Lamiaceae species Salvia pratensis L., S. verticillata L., Thymus serpyllum L., Betonica officinalis L. syn. Stachys officinalis (L.) Trevis., and Origanum vulgare L. The species were grown in two different habitat types (dry grassland vs. railway embankment) in the Lublin Upland, Poland. We found significant inter-species, inter-habitat, and inter-year disparities in the pollen mass and total energy amount per unit area. Canonical correspondence analysis (CCA) revealed that the blossom cover, species richness, and diversity noted at the plant community level significantly influenced the distribution of insect visitors to Lamiaceae species. The pollen caloric value and pollen abundance (but not the protein content in the pollen) had a considerable impact on the abundance and frequency of honeybees, bumblebees, and solitary bees in Lamiaceae flowers. Butterflies, beetles and flies did not respond to these factors. The model including all variables explained 66.4% of the observed variance. The studied Lamiaceae species, due to abundant flowering and good pollen nutritional value should be considered in the protocols to improve food resources, especially for social bees; however, disparities in pollen quantity and energy amount should not be ignored.
Introduction
Human activities are having an impact on ecosystems globally to an unprecedented degree (Hoekstra et al. 2005) and species differ tremendously in their responses to environmental changes. In particular, pollinators are undergoing severe population declines following multi-directional environmental transformations and destruction of pollinator-friendly habitats (Hülsmann et al. 2015) . The role of pollinator service in general biodiversity conservation (Lonsdorf et al. 2009 ), functioning of biocenoses and ecosystems (Kunin 1997 , Steffan-Dewenter 2003 , Lázaro et al. 2009 ), development of the agricultural sector (Klein et al. 2007) , and indirectly in human health is unquestionable (Gallai et al. 2009 ). Therefore, the pollinator decline phenomenon has been described as a 'pollination crisis' and has attracted attention globally from science, business, and even politicians (Ghazoul 2005) . The 'pollination crisis' is evident in declines and damage to webs of plant-pollinator interaction (Lázaro et al. 2013) . These declines are usually attributed to multiple interacting causes, rather than one single cause (Vanbergen 2013) . It has been suggested that nesting, breeding, and food niches as well as the accessibility of refugia for the avoidance of chemical exposure regulate the size of pollinator populations (Roulston and Goodell 2011) . However, there is growing evidence that food limitation (decreased dietary diversity and reduced food abundance) is the strongest factor in pollinator decline (Garibaldi et al. 2013 , González-Varo et al. 2013 , Ollerton et al. 2014 , Vaudo et al. 2015 . As pollinator nutrition entirely relies on the nectar and pollen available in flowers, the main conservation issue is to develop and implement tools aimed at improving flower-rich habitats (Dicks et al. 2015) . One of the concepts is the protec-tion of existing natural habitats identified as drivers of pollinator biodiversity (Albrecht et al. 2007) . Recently, there has been increasing interest in proper management of alternative (man-made) habitats (Lowenstein et al. 2015) . This concept has arisen from the current expansion of both urban and open man-made habitats and the growing body of evidence showing that these habitats fulfil a significant role in supporting a high level of pollinator diversity and population size (Banaszak-Cibicka and Żmihorski 2012, Moroń et al. 2014) . However, the provided data indicate that pollinator taxa respond differently to the natural-to-urban gradient and to the surrounding land use, i.e. rural-agricultural sites are friendlier to hoverfly species, while urban sites support wild bees (e.g. Verboven et al. 2014) . Numerous methods can be applied to estimate habitat quality, from the level of individual species (flowers) through patches to biotopes and landscape (Szigeti et al. 2016) .
In Europe, semi-natural dry grasslands (steppe-like 'warm-stage refugia') are among the most species-rich plant communities. These sites create refuges for rare and endangered plants and invertebrates (WallisDeVries et al. 2002) , as well as for a variety of nectariferous and polleniferous plants (Wrzesień and Denisow 2006) in a modern rural landscape. There is evidence that the value of man-made habitats for pollinators varies considerably, e.g. the level of diversity and abundance of spontaneous bee forage flora is higher in railway embankments along low-than along high-traffic volume tracks (Wrzesień et al. 2016) .
Pollen is considered to be an important resource (Müller et al. 2006) , as it is a main source of protein, vitamins, mineral salts, organic acids, and hormones (Pacini 2000 , Szczęsna 2006 . It is obvious that inadequate pollen resources usually lead to disorders in physiological processes at different stages of insect life cycles and are particularly detrimental for developing larvae and young bees (Alaux et al. 2010 , Nicolson 2011 . In the case of Apis mellifera, protein deficiencies have an indirect effect on the income of apiaries and reduce honey yields (Keller et al. 2005) . It has been proposed that the restoration and management of pollinator-friendly habitats should begin with an inventory of the resources provided by particular species and alternative habitats (e.g. Fussell and Corbet 1992 , Denisow 2009 , Garbuzov and Ratnieks 2014 , Denisow and Wrzesień 2015b . Lamiaceae species are important components of plant communities in Europe Vokou 1990, Petanidou and Smets 1995) . In Poland, Lamiaceae species are frequently found in xerothermic swards and on ruderal sites, e.g. along railway embankments (Wrzesień and Denisow 2006a, b) . They form dense patches and flower abundantly and by that means potentially could support floral resource for pollinators (e.g. Bożek 2003b) .
In this study, we evaluated how the composition, abundance, and richness of the flora as well as the flowering spectrum at the community level can influence the abundance and frequency of insect visitors to several Lamiaceae species. Within the study area, five Lamiaceae species (Salvia pratensis L., S. verticillata L., Thymus serpyllum L., Betonica officinalis L. syn. Stachys officinalis (L.) Trevis., and Origanum vulgare L.) have been found to occur both in dry grasslands and in plant communities developed on railway embankments, therefore we tried to assess how the potential quantity and quality of pollen resources of the same species can vary among habitat types (dry grassland vs. railway embankment). We also assessed the importance of the pollen mass, pollen energy available, and protein content in Lamiaceae pollen for bees and other insects by investigation of the spectrum of insect visitors.
Materials and methods

Study sites
In situ observations were performed in 2013-2014. The study area was located on the Lublin Upland, south-eastern Poland (50°54′24″N, 23°09′12″E) (On-line Suppl. Fig.  1 ). The floristic inventory of nectar-and/or pollen-yielding flora (hereinafter called forage flora) was made in (1) Festu- A temperate climate with oceanic and continental influences is characteristic for the Lublin Upland (annual temperature averaged 7.4 °C, annual precipitation averaged 630 mm) (Kaszewski 2008) .
Vegetation survey
The method of phytosociological relevés was employed to characterize the flora in the dry grassland and railway embankment habitats. The frequency and abundance of each vascular plant species was recorded according to BraunBlanquet (1964) . Each experimental patch was randomly selected and was 200 × 5-6 m in the dry grassland (n = 5) and 300 × 2 m in the railway embankment (n = 5). The total coverage for each species was estimated visually and recorded using a cover-abundance scale within seven cover classes, i.e.: 1 to 5 individuals; +: a few individuals (< 20) with cover < 5%; 1: many individuals (20-100) with cover < 5%; 2: 5%-25% cover; 3: 25%-50% cover; 4: 50%-75% cover; 5: 75%-100% cover (van der Maarel 1979) . This survey allowed us to analyse the flora composition, richness, and abundance in each habitat type. The geographic position of each experimental plot was recorded with a differential GPS. The plant nomenclature followed Mirek et al. (2002) .
Flowering phenology
To establish the seasonal spectrum of forage species and non-forage species in bloom for every vegetation type, forage species have been defined according to literature data and own observations Denisow 2006a,b, Denisow and Wrzesień 2007) . The experimental patches were monitored 5 times per year, i.e. in spring (2-10 May), early summer (5-10 June), summer (20-30 June and 15-30 July), and late summer (15-25 August). To assess flowering phenology, we followed the instruction of Denisow (2011) . The coverage of the species in bloom was estimated with a coverabundance scale (in %) as a percentage of the total area. For each time point, the species in bloom have been counted. The date of the onset of flowering and the duration of the flowering phase were documented for each species. The species full bloom was recorded as the period when > 75% of flowers in the population were in bloom (point 5 in the coverabundance scale). We also estimated the cover of non-forage plants. Species with low cover (< 5%) or singly noted have been excluded from the graphs and only the main flowering species are presented. The estimates were made on the base of 5 transect per each habitat.
Pollen production, energy amount and protein content in pollen
Due to the time-consuming character of the analyses, only five species (representatives from the Lamiaceae family) were selected for the study of pollen production. The observations were made and samples collected in two habitats (dry grassland and railway embankment) for each species. The following species: Salvia pratensis L., S. verticillata L., Thymus serpyllum L., Betonica officinalis L. syn. Stachys officinalis (L.) Trevis., and Origanum vulgare L. were chosen for the experiment.
Pollen production was assessed using the ether-ethanol method described in detail by Denisow (2011) . During each year, we randomly selected well-developed flower buds (n = 30-70) at the full flowering phase of each species. Buds were collected from different individuals (n = 10-15), placed in plastic containers, and transported to the laboratory in a portable cooler. In the laboratory, the anthers before dehiscence were dissected from the flower buds and placed in tarred vessels (n = 100-200 anthers per sample; i.e. 25-50 flowers). We collected 4 samples per species and habitat (in total n = 40 samples per year). The samples were transferred into a dryer (ELCON CL 65) at ca 33 °C for approx. 20-30 days. Pure ether (2-3 ml) was used to rinse pollen from the anthers. Next, 70% ethanol (3-4 mL) was used to separate pollen from the anther tissues. Pollen production was expressed per flower and per 1 m 2 for each species and habitat type. The pollen amount per unit area was determined using the detailed data of the flowering abundance established for every Lamiaceae species. We counted the number of flowers produced per unit area; all buds, flowers, and set fruits were counted in randomly chosen stems (n = 14-20). Next, the number of stems was determined using the circular frame (36.7 cm in diameter); n = 15-20 counts for each study site were made. The data was converted to the number of flowers per 1 m 2 . The pollen energy amount (= pollen caloric value) was calculated using a value of 5.69 kcal g -1 (Petanidou and Vokou 1990) and was expressed in kcal per 1 m 2 .
The tests for the N content in pollen were performed according to the Kjeldahl method in 2013 for each species and habitat. The crude protein content was calculated by multiplying 5.60 by % N in 100 g of pollen (Rabie et al. 1983 ).
Insect visitors
To assess the structure of insect visitor groups for each Lamiaceae species, we monitored the patches simultaneously in the two different habitats (dry grassland vs. railway embankment). The insect monitoring was made in the same patches where floristic surveys had been conducted. The observations were made in 7-15-day intervals during the fullbloom phase of each species. In each habitat, we randomly chose 1.0 m 2 patches (n = 3) and recorded the insect visitors that collected nectar and/or pollen from flowers of the studied Lamiaceae plants. Insect visitor activity was monitored between 9.00-17.00 h (GMT + 2 h). Earlier and later obser-vation hours have been excluded, as according to literature, the peak insects activity to Lamiaceae species are morning/ mid-day hours (Bożek 2000 (Bożek , 2003 (Bożek a,b, 2008 . Records (5-10-min. per census) were made at each plot at two-(three)-hour intervals. The observations were made when weather conditions were favourable for the activity of insect visitors, i.e. the daily temperature was 23-28 °C, with low wind speed, and without rainfall. All flower-visiting insects were recorded and grouped into their taxonomic categories: honeybees = Apis mellifera, bumblebees = Bombus spp., solitary bees = Hymenoptera, flies = Diptera, beetles = Coleoptera. The procedure facilitated the apportionment of the proportion of insect categories to particular species as well as visitation frequency.
Data analysis
We used a variety of approaches to analyse the data. The vegetation within the dry grassland and the railway embankment was described by the species richness, Shannon diversity index (H'), and evenness index (Pielou's J′ evenness). The value of H' ranges from 0 to 1, with higher values representing more even distributions in abundance among species. J' is constrained between 0 and 1. The lesser the variation in communities among the species, the higher the J' index is. The Mann-Whitney non-parametric test was used to compare the values of indices obtained for the dry grassland and the railway embankment (Stanisz 2007) . The multivariate statistical package (MVSP) was used for these analyses (Kovach 2005) .
To identify the general pattern of variation in the species composition within the entire data set of flora, an indirect ordination method (detrended correspondence analysis, DCA) was used (a unimodal response model; environmental gradient > 3) (Canoco 5.0, ter Braak and Šmilauer 2012) . Subsequently, canonical correspondence analysis (CCA) was used to visualize and establish the relationship between the floristic composition of the vegetation plots (relevés) and the spatial distribution of insect visitors and between the insect visitor pattern and Lamiaceae species traits. For each type of vegetation, the data from the study periods were pooled. Seven environmental variables were analysed. Two groups of variables (1) Flora attributes, i.e. species richness (Richness), species diversity (Diversity), 'blossom cover' i.e. flower abundance (Cover), flowering season, (Flowering), and (2) Lamiaceae species traits, i.e. pollen amount (Pollen A), energy content in pollen (= pollen caloric value; Pollen E), and protein content in pollen (Pollen P) were tested.
Analysis of variance (ANOVA) was applied to assess the difference in the mean values of the analysed traits among the populations and within the populations among the habitats and the years of the study. The normality of the data was evaluated prior to the analysis. If significant differences were detected, Tukey's HSD test was applied. Pearson's correlation (r) was established between the total pollen output and the studied criteria (abundance of blooming and mass of pollen in flowers). The level of statistical significance to measure the differences between the means for all the analyses was at P = 0.05. Statistical tests were performed with STATISTICA (StatSoft, Inc., Krakow), version 10.0.
Results
Nectar and pollen yielding plants
The total number of plant species found was 185, of which 151 species (81.6%) were identified as visited by insects (On-line Suppl. Tab. 1). In the dry grassland, 135 (112 forage species = 82.9%) were documented, while 115 species (90 forage species = 78.2%) were noted on the railway embankment. The species richness, species diversity, and species evenness was significantly higher on the dry grassland (U-test, Tab. 1). The number of forage species per relevé ranged from 10 to 48 (mean = 39.7 ± 5.2 in the grassland; mean = 19.9 ± 5.8 in the railway embankment). Species yielding both nectar and pollen predominated (138 species = 91.3%). Pollen as floral reward (= no nectar) was offered by 13 species (8.6%) of the bee forage flora.
Community-level changes in the flowering spectrum
The pattern of the flowering of forage plants slightly differed between the dry grassland and the railway embankment sites (Fig. 1) . In spring, more abundant flowering of forage plants was noted in the dry grassland. Here, the flowering peak was observed during the summer (June/July). In the summer period, the Lamiaceae species contributed substantially to the food availability for pollinators. On the railway embankment, the flowering of the forage plant species was shifted towards the end of the summer.
Tab. 1. Comparison of plant forage species richness (S), the values of diversity indices (H' , J'), and the mean frequency of insect individuals to Lamiaceae flowers in the dry grassland and the railway embankment. Means ± SD (standard deviation) are shown. The values indicated by the same small letter are not statistically different between the types of habitats (Mann-Whitney test has been applied; Z -statistic value, P -probability). Pollen production, energy content, and pollen protein Species, habitat, and year-to-year disparities were found for the mass of pollen produced in the flowers of Lamiaceae species (Tabs. 2, 3, 4). The lowest amount of pollen was found in the flowers of Thymus serpyllum and the highest in Betonica officinalis. For the same species, the mass of pollen produced per flower differed between the habitats. A significantly higher mass of pollen was produced in the flowers of Salvia pratensis (df = 1, P = 0.033), S. verticillata (df = 1, P = 0.031), and Origanum vulgare (df = 1, P = 0.028) growing in the dry grassland compared to those from plants in the railway habitat. In turn, T. serpyllum and B. officinalis produced similar pollen mass in the flowers of plants in both the dry grassland and the railway embankment (df = 1, P = 0.122; df = 1, P = 0.242, respectively). 2, 3 ). The number of flowers developed per unit area was significantly higher in the dry grassland for four out of the five species studied. Only O. vulgare bloomed more abundantly on the railway embankment. For the same species, differences between study years were also established for the abundance of flowering (Tabs. 3, 4). On average, more flowers were produced in 2013.
The estimated total pollen production per 1 m 2 and the total pollen energy available per 1 m 2 differed among the species, between the populations developed in the dry vs. railway habitats (habitat effect), and among the years of the study (Tabs. 2, 3, 4) . The lowest and the highest pollen yield and pollen energy amount were recorded for T. serpyllum , the mass of pollen produced, pollen energy available, protein content in pollen, and insect frequency in Lamiaceae species depending on habitat (DG -the dry grassland, and RE -the railway embankment). Means are calculated from 2013-2014. Standard deviations (±SD) are given. ANOVAs were performed separately for each of analyzed feature. Means followed by the same small letter are not significantly different between habitats within species and that followed by the same capital letter are not different among species, according to Tukey HSD test. 
Insect visitors
The CCA model revealed that the blossom cover and the species richness noted in the study patches had a significant impact on the distribution of insect visitors to the Lamiaceae species (Fig. 2, Tab. 5 ). The pollen caloric value and pollen abundance also considerably influenced the structure of the insect visitors to the Lamiaceae flowers. The model including all variables explained 66.4% of the observed variance. The eigenvalues were 0.226 for axis 1 and 0.137 for axis 2.
According to the CCA model, the abundance of pollinators to the Lamiaceae species was statistically significant, with the exception of butterflies, beetles and flies. In total, 2214 insect individuals were found during our survey (dry grassland vs. railway embankment -629 vs. 1585). The participation of flower visitors differed among the species; however, the main visitors to the Lamiaceae species were bees, with a predominance of honeybees (Fig. 3) . Bumblebees were observed most abundantly in O. vulgare flowers (mean = 28%) Tab. 3. Year-to-year disparities in the number of flowers, mass of pollen, and pollen energy available (mean for Lamiaceae species studied and study sites). ANOVAs were performed separately for each of analyzed variable. Means followed by the same small letter are not significantly different between years, according to Tukey HSD test. and solitary bees in B. officinalis (mean = 25.5%). Flies were found in the flowers of all the studied species, but accounted for only 1.5% to 13.0% of visits, on average. Beetles were observed (mean=2.1%) only in the flowers of B. officinalis. For all the studied species, the general pattern of insect groups observed in the Lamiaceae flowers was quite similar between the habitats. However, the frequency of insect visitors to the flowers of the same Lamiaceae species differed significantly between the habitats and was higher on the railway embankments (approx. 4-fold) (Tab. 1). The relationship between the number of flowers and the frequency of insect visitors was not significant (r = -0.271, P = 0.488). During sunny weather, insect visitors collected nectar (approximately between 9.00-16.00) and pollen (approximately between 11.00-15.00). This pattern was similar for all the species studied.
Discussion
Our study is a step towards quantifying the floral resources for pollinators. We found differences in flora attributes (plant species composition, species richness, species diversity, blossom cover, flowering spectrum) as well as the pollen mass and pollen energy available between the dry grassland and railway embankment biotopes. These disparities were intimately linked with the relative abundance and frequency of pollinators to the Lamiaceae species.
In our study, the blossom cover (= flower abundance) within vegetation patches significantly determined the insect visitor pattern to the Lamiaceae species, explaining 12.3% of the variance. It is accepted that abundantly flowering vegetation patches have a strong community-level influence on the activity of insect visitors to particular plant species (Kevan 1999) . Similarly, Potts et al. (2003) documented the fact that greater numbers of individual insect foragers were simply recruited to plant species in floral community patches when floral resource availability progressively increased. Insects are sensitive to energy stress; therefore, energy intake plays an important role in their foraging modes. There is a positive correlation between the blossom cover and daily energy availability; therefore, flower-dense patches that offer higher energy reward are simply preferred to minimize the costs of search (e.g. Heinrich and Raven 1972 , Heinrich 1975 , Roberts and Harrison 1998 , Waddington 2001 , Cnaani et al. 2006 ).
In our study, both the pollen abundance and the pollen energy content significantly influenced the pattern of insect visitors to the Lamiaceae species (30.9% of the variance). Pollen abundance determines the structure of bee fauna in the landscape of Mediterranean ecosystems (Potts et al. 2003) . Also, the pollen energy content can considerably influence pollinator abundance (Petanidou and Vokou 1990) . In general, pollen abundance is positively correlated with the amount of pollen produced per flower and the number of flowers produced per unit area. Lamiaceae species usually form dense patches and bloom abundantly, irrespective of the habitat and climatic zone (Petanidou and Vokou 1990 , Denisow and Bożek 2008 , Bożek 2008 , Denisow 2011 ) and the quantity of floral reward offered in Lamiaceae species is undoubtedly of particular importance for the foraging economics of pollinators.
The protein content in pollen was not important for determination of the activity of insect visitors to the Lamiaceae species. Inconsistent results have sometimes been obtained concerning insect preferences to the protein content in pollen. found that protein content in pollen did not affect foraging preferences of pollinators. By contrast, Hanley et al. (2008) noted that the protein content could be a selective factor in the choice of plant species foraged by the honeybee, since the pollen collectors clearly gathered larger amounts of pollen rich in protein. Possibly, the variation in the protein content (mean from 20.2-27.4%) recorded for the Lamiaceae representatives in our study was too small to be noticed by the entomofauna. However, it is still not clear which pollen property is particularly important to insect visitors. Pollen is an almost exclusive source of the protein and non-carbon elements critical for the nourishment of larvae and development of adults (Keller et al. 2005 , Müller et al. 2006 , Nicolson 2011 . As suggested by Lunau (2000) , Castellanos et al. (2006 ), or Hanley et al. (2008 , the scent released from the surface of pollen grains is more important than quality-driven pollen properties in determining insect food choice. According to Baker and Baker (1990) , both protein content and the carbohydrate:lipid ratio influence the plant pollinator relationship and floral choices. Although the protein content in the pollen (on average more than 20%) was not important for the activity of insect visitors to the Lamiaceae species, it was considered high , Denisow 2011 ). According to different authors (e.g. Genissel et al. 2002 , Vanderplanck et al. 2014 , high protein content in pollen is attractive to pollen-collecting insects and positively correlates with the development of bee larvae , Vaudo et al. 2015 . Therefore, our view is that Lamiaceae species should be considered while suitable plant species to restore and/or develop a pasture for pollinators are being chosen.
We observed significant recruitment of honeybees, bumblebees, and solitary bees to the Lamiaceae species in our study patches. The preference of social bees (Apis mellifera, Bombus spp.) for Lamiaceae species has been evidenced by many authors in Mediterranean ecosystems (e.g. Vokou 1990, Petanidou et al. 2000) . Different species from the Lamiaceae family have been classified as honeybee, bumblebee, or solitary bee species in Poland (Bożek 2000 , 2003ab, Denisow and Bożek 2008 , Denisow 2011 ). In contrast, butterflies, flies and beetles did not respond to the traits of Lamiaceae species. Flies and beetles show high preferences for whitish or yellow flowers with open, i.e. dish-, or bowlshaped, corollas (Glover 2014) . These features do not fit our Lamiaceae species, which developed deep, pink, purple, or violet corollas. It is generally accepted that flower morphology (e.g. corolla deepness, flower size) and features of floral reward (e.g. composition of nectar sugars, nectar concentration, scent released from the surface of pollen grains) exert an impact on the behaviour of insect visitors and the guild structure in plant species (Petanidou et al. 2000 , Nicolson and Thornburg 2007 , Denisow and Wrzesień 2015a . Contrary to our expectations, the Lamiaceae species occurring in the homogeneous patches situated in the railway embankments received more insect visitors than the individuals in the heterogeneous ones. Our findings conflict with results presented by e.g. Fussell and Corbet 1992 , Corbet 2000 , Ebeling et al. 2008 or Wrzesień et al. 2016 , who reported the highest frequency of pollinators for species occurring in high species-rich patches. A variety of factors affect insect visitor abundance and their frequency. At the community level, the size of the floral display (abundance of blooming), the flower attractiveness (i.e. flower morphology and traits of floral reward; discussed above), the co-flowering components of phytocoenoses, and the insect interactions with other individuals might be important in determining the flower choice by pollinators and their abundance and visitation frequency (Kunin 1997 , Steffan-Dewenter 2003 , Lázaro et al. 2009 ). Moreover, the insect population size and the number of nests in the immediate neighbourhood strongly shape the abundance and rates of insect visitors (Goulson 1999) and might be expected to have a dominant influence on the variation in the relative abundance of insect visitors to Lamiaceae flowers. At the level of individuals, the floral visitation frequency decreases linearly with the total number of flowers (see, e.g., Fussell and Corbet 1992, Steffan-Dewenter 2003) . No relation between the number of flowers and insect visitor frequency was established in our study. The above reasons indicate that the recruitment of insect visitors to particular species in floral patches is likely to be a complex phenomenon. As revealed by Moroń et al. (2014) , due to the occurrence of bare ground, railway embankments constitute a particularly valuable habitat for diverse ground-nesting bees and wasps and support populations of butterflies and hoverflies. Presumably, the higher insect species richness and/or abundance in the railway biotope influence their number in our study species. However, a limitation of our study is that it does not include measurements of the insect diversity and population size between the habitats.
For the same species, pollen productivity differed in the spatio-temporal pattern. First, the space-varying growth conditions (e.g. nutrients and/or water availability) between the dry grassland and the railway embankment are presumably responsible for the diversity of inter-habitat pollen resources noted in our study. The habitat type has been documented to affect the pollen resource levels in flowers; hence, optimal habitat and /or environmental conditions are necessary to ensure efficient pollen resources (e.g. Denisow and Wrzesień 2015a , Denisow 2009 . Second, significant differences in the amount of pollen produced in flowers between years are supportive of a strict relationship between changeable external environmental factors (weather conditions) and the mass of produced pollen. The considerable impact of the weather parameters during the differentiation of generative buds or microsporogenesis on the mass of pollen was emphasized in many studies (e.g. Bożek 2003b, Aguilera and Valenzuela 2013). In extremely unfavourable weather conditions (e.g. temperature drops or prolonged shortage of precipitation), plants even fail to produce pollen (Denisow 2011) . The year-to-year fluctuations in the total pollen yield and pollen energy available per unit area obtained from particular Lamiaceae species are understandable; they result from different factors that can occur at the same time, e.g. flora dynamics, disparity in pollen output per flower, and varying abundance of flowering in the patches of plant communities. Their effects on the variations in food resources (mass and energy) in plant communities was also described by Parrish and Bazzaz (1979) , Tanacs and Gulyas (1986) , Petanidou and Vokou (1990) , Smets (1995), or Denisow (2011) .
Our data provide strong evidence that insect abundance in Lamiaceae species vary with flowering phenology (10.2% of variance). We have demonstrated community-level differences in the seasonal blooming spectrum between the dry grassland and the railway embankment. Abundant flowering begins earlier in the season in the dry grassland habitat, while railway embankment flora ensures resource availability at the end of the season. Abundant spring flowering and a decrease during the summer-drought period is a distinct feature of the flora in dry grassland communities in Europe and relate to the predominance of perennial life forms (Klimešová et al. 2008) . A scarcity of plants flowering in spring and a shift in flowering abundance towards the end of the season was highlighted for alternative man-made habitats (Denisow 2011 , Denisow and Wrzesień 2015b , Wrzesień et al. 2016 . Therefore, to provide pollinators with a balanced diet throughout the vegetation season, diverse habitats (semi-natural and man-made) are required in the landscape to supply a complementary bloom pattern and ensure continuity of food resources. High values of landscape heterogeneity have been proposed to increase the pollinator biodiversity (β-diversity hypothesis; Steffan-Dewenter et al. 2002 , Tscharntke et al. 2012 ).
In conclusion, due to their abundant blooming, the amount of pollen resources provided, the pollen caloric value, and the high protein content in the pollen, Lamiaceae species attract a variety of insect pollinators. Therefore, Lamiaceae species should be considered in the protocol to improve food resources for pollinators to guarantee constant and high quality of food resources. However, the substantial inter-and intra-species disparities in pollen quality should not be ignored, especially if we intend to provide sufficient floral resources for pollinators on a landscape scale (Winfree 2010 , Nicolson 2011 .
